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Compression Members 
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Definition 


* Elements which are subjected only to axial 
compressive forces are defined as 
columns. 

* Loads are applied along the longitudinal 
centroidal axis with no eccentricity. 


P 
— 
A 
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Idealized State 
of Concentric Loading 


“ The ideal state of concentric loading is never 
achieved. Some eccentricities always exist. 
* Members аге not perfectly straight 
* Connections cause eccentricities 
* Internal stresses cause uneven stress distribution 
* “Ф” factor accounts for inherent eccentricities. 
* For significant eccentricities, we design а beam- 
column, which will be addressed in future 
lectures. 
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Common Compression 
Members 


* Columns 

* Braces 

* Truss members 
* Struts or Kickers 
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Trusses 


* Members in Compression 


Column Limit States 


* Compression Yielding 

“ Occurs only in very short or stout columns 
* Global Buckling 

* Instability of the entire column 

* Strength is function of column length 
* Local Buckling 

* Instability of a part of the column 
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Compression Yielding 
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his type of 
buckling is 
plastic. When the 
oad is removed, 
he member 
eturns to its 
original shape 


Column Theory 


Fundamental Buckling Mode for a column in single curvature with pinned-end 
connections can be derived using differential equations. (Euler buckling—see 
Geschwindner Section 5.3) 2 

п Е 


Р. 


cr 2 
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Column Theory (Cont.) 


Or in terms of average compressive stress: 
T=Ar? r=} 
d V/A 2 

ЛЕ 
Е,ш--т 


7) 
Critical buckling stress is а function of length, апа 
radius of gyration (or, “slenderness ratio” L/r) 
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Elastic Buckling 


< (L ) (Euler Buckling) 
Problem: If L is very small, F could be 
infinite! 
But Fmax must be F,, the yield stress of 
the material (Compression Yielding). 


Another limit state, known as Inelastic 
Buckling, occurs which transitions from 
Elastic Buckling to Compression Yielding. 
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Inelastic Buckling 
* What is Physically Occurring? 


“ Acombination of compression yielding and 
elastic buckling in different parts of the cross- 
section. 


* Why? 
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Inelastic Buckling 


* Residual stresses are present in W Shapes due to 
cooling. Like a pie, the edges cool faster than the inside. 
For a W shape, flange tips cool fast, and web-flange 
connections stay hot. 


figere to 
© Joha Wiley & Sont Inc. M rights reserved. 
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Inelastic Buckling 


* This creates a “transition zone” between 
elastic and plastic behavior, between the 
proportional limit and the yield stress. 


The equations are derived 
using a differential tangent 
modulus, E;. (Engesser's 
Solution) 


P, = TE} / 12 


Transitions 
in Column Behavior 


T T 


| > 
Inelastic Buckling Elastic (Euler) Buckling 


Yielding 


Critical stress (Fer) 
Yield stress (F,) 


Effective Length 


* Differential equations can also be solved 
for other boundary conditions 


* We use 8 concept known as effective 


length, K to account for other boundary 
conditions. 


* Understanding К: 
* Ask the question: What would the length ре to 
"mimic" 15t order buckling in a pin-pin 
connection? 
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Effective Length, К 


k=l 
(a) 


Figure s6 
© John Wiley & Sons, lac. Ali rights reserved. 
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Effective Length, K 


FIX-FIX WITH CANTILEVER 
SWAY 
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Effective Length, K 


TABLE C-A-7.1 
Approximate Values of Effective 
Rotation fixed and translation fixed Length Factor, K 
Rotation free and translation fixed ₪ ₪ ₪ 


' ' ' 


Rotation fixed and translation free РА 


Rotation free апа translation free 


Theoretical K value 
Recommended design | 
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Axial Capacity 


ESO, 
• ¢.=0.90 (Section E1) 
“Р,-Е,А, (nominal compressive strength) 
F (critical stress, Section ЕЗ) 


*r, -[o658 ак, for /1א‎ «дт [E INELASTIC 
r 2 BUCKLING 


* Е, =0.877F, for р ELASTIC 
BUCKLING 


YIELDING 
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FLEXURAL BUCKLING OF MEMBERS WITHOUT SLENDER 
ELEMENTS 
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Е.,-0.877Е, 
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AISC Provisions 


Figure 5.14 
John Wiley & Sont Inc Al rights reserved. 


Maximum Slenderness Ratio 


EFFECTIVE LENGTH 


The effective length factor, К, for calculation of member slenderness, KL/r shall be 
determined in accordance with Chapter C or Appendix 7, 


where 
L = laterally unbraced length of the member, in. (mm) 
r — radius of gyration, in. (mm) 


User Note: For members designed on the basis of compression, the effective slen- 
derness ratio KL/r preferably should not exceed 200. 


e Why? 
* At high slenderness ratios, critical stress is 
very low (~ 5 ksi) 
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Sidebar: Buckling About 
rx or ry? 
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(оса! Buckling 
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Local Buckling 


* Stiffened Elements 


* A piece supported along two edges parallel 
to the direction of the compression force 


* Unstiffened Elements 


* A piece with one free edge parallel to the 
direction of the compression force 


* Key criterion is the width-thickness ratio 
(b/t ratio) 
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Stiffened & 
Unstiffened Elements 


| 7 welds 


ее 
7 EN 
€— СР Pee 


Pu és 
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Non-Slender Element vs. 
Slender-Element Sections 


“ Non-Slender Element Sections 


* Cross section is sufficiently “compact” so that global buckling will 
occur before local buckling of any cross-sectional elements 
“ All elements of cross section must satisfy b/t < N from Spec Table 
B4.1a 
* Slender-Element Section 
* Section with slender elements that may buckle locally before onset 
of global buckling 
* One that does not satisfy b/t < A, requirement for one or more 
elements of the cross section 
* Must be checked per Spec Section E7 (complicated!) 
* Note: Terms "compact" and “non-compact” were used in the AISC 
360-05 and previous standards. Terminology has been changed 
to clarify differing requirements for beams and columns. 
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TABLE В4.1а 
Width-to-Thickness Ratios: Compression Elements 
Members Subject to Axial Compression 


Description of — Thickness 
Element Ratio — (nonslender/slender) 


Flanges of rolled 


flanges of tees 


Flanges of built-up 


Unstiffened Elements 


Í Legs of single 
angles. legs о 


Webs ot doubly- 
symmetric I-shaped 


channels 


Walls of rectangular 
HSS and boxes of 
uniform thickness 


Flange cover plates 
and diaphragm 
plates between lines 
of fasteners or welds 


All other stiffened 
elements 


Stiffened Elements 


Round HSS 


Nonslender Element vs. 
Slender-Element Sections 


* Nearly all rolled sections are non-slender for 
compression, unless they are intended as beam 
shapes. 

* Footnote in shape tables will alert you to slender- 
element sections. 


Wi4x53 156 139 1 8.06 8 0.660 


, 138 8038 0595 
(аз) 126 137 1 5 8008 0530 
Wie 11.2 144 1 6778 055 


x34" 100 140 14 6.75 6 0455 "v 
x30° 885138 178 0.2 ls | 673 6. 0.385 
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Key Exclusions 


“ The provisions of Spec Section ЕЗ consider the 
flexural buckling limit state. 


* Torsional buckling and flexural-torsional 
buckling limit states also are possible, but we 
will not cover the details in the class. 


* These provisions also assume that the 
compression element is not subject to local 
buckling prior to developing the strength noted. 
We must verify that the member is not slender. 
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Design Approach 


‚ АЗС SCM has a number of tables that 
facilitate the design: 
— Getto know PART 4 
Generally use Column Tables for design 
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Table for Critical Stress for | 


Table 4-22 
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Table 4-22 
Available Critical Stress for 
Compression Members 


Fy = 36 ksi 
ТІКТІГІ 
ksi | ksi 

LRFD 


al 


әсчоольом- 
Ффочомьюю- 
oco-xoosxoma 
Фо чола мю 
әсчоолком- 


== 
== 
שב 
25 
שב 


Tables for Axial Capacity of 
Compression Members 


Tables 4-1 through 4-2 
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Table 4-1 
Available Strength in 
Axial Compression, kips 
W-Shapes 


Effective length, KL (ft), with respect to least radius of gyration, гу 


108000 


`` Pange thickness Is greater than 2 in Special requirements may apply per АБС 
Speccton Section x t. 


Table 4-4 
Available Strength in 
Axial Compression, kips 
HSS16-HSS14 Square HSS 


Fy = 46 ksi 


HSS16x 16% 


Effective length, KL (ft), with respect to least radius of gyration, ry 


" Shape is slender for compression with F, = 46 ksi. 


0,-167 


Questions? 
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Example Problem 


ion Manu 
1 column at 


olumn is continuous from the ground level to the 
roof. 
The column supports a tributary area of 900 fiat each 
floor. 
The loads on the column are as follows. 
* Level 2,3 and 4 
* Dead Load = 120 psf 
* Live Load = 40 psf (non-reducible) 
Roof 
Dead Load = 100 psf 
Live Load = 12 psf (non-reducible) 


X GROUND 


Example Problem 


* Factored Load Tabulation (1.2 D + 1.6 L) 


Level Trib Area (f£) | wp (psf) | w. (psf) | wu (psf) | Р, (kips) | ХР, (kips) 


R 900 100 12 139 125 125 


900 120 40 208 187 312 


4 
3 900 120 40 208 187 489 
2 


900 120 40 208 187 686 


e Effective Length 
L = 14 ft, K = 1.0 (pin-pin) 
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Example Problem 


Table 4-1 (continued) 


Select W10x77 Available Strength in 


ҮРп-753 kips | F=50ksi 


> Pu = 687 8 


W-Shapes 


Axial Compression, kips 


112 


100 88 


мяо 


п 
ФР РО.) фор, | Fale) ФР 


LR 


в 
ФР, |Р. E 
RFD | ASD 


1480 
1400 
1380 
1350 
1310 
1280 
1240 
1200 


UCL; CEE 141 — STRUCTURAL STEEL DESIGN 


ggi | 1020 en 5 | 522 
[654 | oes | 578 | sce | ( 
52 E © à 


Example Problem 


Five years after the building was constructed, the 
building owner wants to demolish the floor framing 
at Level-2 around the column at Grid F/5 to create 
a dramatic 28'-0" tall lobby. Your Project Manager 
proposes to weld Grade 50 (Fy = 50ksi) steel 
plates to the flanges to strengthen the column. 


Determine if your Project Manager's proposed 
solution is sufficient. Show all necessary. 
calculations. 


NEW 1/2" THICK 
ADDED PLATES EACH 
r SIDE OF COLUMN 
— — —UEXTEND PLATES 1 
BEYOND EACH 
FLANGE OF THE 
COLUMN 


277777777777: 
i FLOOR FRAMING 


DEMOLISHED AT 
LEVEL 2 


Example Problem 


* Factored Load Tabulation (1.2 D + 1.6 L) 


1020 
966 
946 


05 | ה‎ 
( 75: Jass | соз | зав | 583 | 
917 Dj 55 


14РЕЕТ | 14 FEET 
ғ 
T 


| 14 FEET 


14 FEET 


y GROUND 


Level Trib Area (f) | wp (psf) 


w. (psf) 


wu (psf) 


P, (kips) 


R 900 100 


12 


139 


125 


4 900 120 


40 


187 


3 900 120 


40 


187 


900 120 


40 


187 


e Effective Length 
L = 28 ft, K = 1.0 (pin-pin) 
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No framing at 274 floor 


Example Problem 


ФР, PJQ. ó, 


Check W10 x77 [ ІЛЕСЕ 
Pn = 306 kips ры | 
> Pu = 489 kips 


Е 


2 
а 


10 א‎ 77 must Бе retrofit 


BSG 585585 8 


t length, KL (ft), with respect to least radius of gyration, гу 
9038 88558 55888 БЕ 
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Example Problem 


"agite i een “до 00 ferai 
| - ב‎ Lad 
Binsin ךא‎ 
p 
TT 7 125352 1 E 
SEE Ja S | vp ЕЗ 
* & | ыы | | ES 
a 3 ы-і 
ж | iva | ЕСЕ sub 
gisar bs shel |e) t 8 
i ЧЕН раю я t ж? 
за se | So | 24 te eq > kes ooo | sn |w s w 
ЗНЕНЕН НЕЕ ж 
ЗЕ | ET а рата - 
|: D © | se в 
HAE H- PEDR % 
я з] 
d LIE E] EE EI Ld 
panon | me a|% es Ed 1 | ₪ 5 
ופפ‎ | 220 907 5 [ses за 5 [425 Д 
és k ams 1 
EE заа уо | а (ре ГІ ehsa] = ЕСТІ 
ala ЕЛ = Be 
@ | 92; E ETAGE EZ = = 
өш | ва || | = = 
зе | 02| || ee ae |z ро[е Ы 
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Example Problem 


* W10x77 
A = 22.7 in? 
d = 10.6 in 
b, = 10.2 in 
|, = 455 in* 
ly = 154 іп“ 


* Plates (about М.А. of W10x77) 
₪ = 10.6" + 2 (1") = 12.6" 


“ Combined 
A = 22.7 + 12.6 = 35.3 in? 
|, = 455 + 167 = 622 in 
| = 154 + 361 = 515 int 


[min = (about y) 
> 
А 


Example Problem 


* Confirm new cross section is nonslender for local 
buckling: 


“ W14x77 was not indicated as а slender-element 
section in the shape tables. 
* Therefore, no need to check any elements of 
that original section 


У)“ 
У << 


7777772777777) 


* Check new retrofit plates: 
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Example Problem 


* Factored Load Tabulation (1.2 D + 1.6 L) 


Trib Area (ft?) 


900 


900 


900 


* Effective Length ОУ 
1-28 ake totem оог demolished so no loa 


* KL/r = (1.0) (28' x 12"/ft) / 3.82" = 88 
(for combined section) 
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Example Problem 


Table 4-22 (continued) 
KL/r = 88 Available Critical Stress for 
Compression Members 


\ Fo = 25.5 ksi 
F,=35 ksi F,- 36 ksi 5-42 ksi F, = 46 ksi 
ТЕЛА таса ку | | әл FerlQe| оњ | 
ד‎ ksi ksi ksi | ksi | 


\ Pa = \ Fa А ы | 
= 25.5 x 35.3} i mom 
= 1 š 3 16.6 
900 kips t Шы 
16.3 
š z 16.1 
Pu = 489 kips |= w 160 


